this technique is still novel and requires additional field deployment to test its consistency with 89 independent methods for the monitoring of fine PM chemistry (e.g. filter measurements). In addition, 90 information on the accuracy of this technique is of paramount importance given the growing number of 91
ACSMs in Europe and the necessity to build a network of quality assured and harmonized instruments for 92 comparability of results -at present about 20 ACSMs are in operation in Europe (http://www.psi.ch/acsm-93 stations/overview-full-period) within the frame of the EU ACTRIS network (Aerosols, Clouds, and Traces 94 gases Research InfraStructure, http://www.actris.eu/). Moreover, by using receptor models, the 95 Analyzer) using the EUSAAR-2 protocol (Cavalli et al., 2010 2014). Details on the theory and application of PMF and ME-2 can be found in the aforementioned studies. 174
Briefly PMF aims at factorizing an initial X matrix (representing the temporal variation of m/z signals here) 175 into two F and G matrices (representing factor profiles and contributions, respectively) putting a 176 constraint of non-negativity on F and G matrices. Contrary to classical program used to resolve PMF (e.g. 177 PMF2, PMF3), ME-2 allows any element of the F and G matrices to be constrained with a certain degree 178 of freedom. This ME-2 approach has been typically used to constrain full factor profiles (e.g. Amato et al., 179 2009; Crippa et al., 2014) , specific elemental ratios (e.g. Sturtz et al., 2014) or specific species contribution 180 (e.g. Crawford et al., 2005) in a given factor profile. 181
In our study, ME-2 is applied with and without constraining factor profiles (FPs), using the so-182 called a-value approach (Canonaco et al., 2013) in the former case, which can be described as follows: 183
where k and j are the indexes for the factors and the species, respectively, fk,j is the element (k, j) of the F 185 matrix, the index "solution" stands for the PMF user solution, "reference" for the reference profile and 186 "a" is a scalar defined between 0 and 1 (e.g. applying an a-value of 0.10 lets ±10% variability to our On the other hand, calibration factors exhibit substantial discrepancies between both ACSMs (e.g. RFNO3 207 of 2.5E-11 and 4.7E-11 A.µg First, during the aforementioned inter-ACSM comparison study (Crenn et al., 2015) , source 263 apportionment of organics was performed based on data from 13 Q-ACSMs (Fröhlich et al., 2015) , 264 including one ACSM used in the present study. Satisfactory performances (|z-scores|<2) are reported for 265 our ACSM using a similar approach as adopted in this study. This result demonstrates that our instrument 266 and the associated data treatment, including the source apportionment modelling, are capable of 267 accurately identifying and quantifying OA sources. 268 autumn -which are not satisfactory -e.g. missing fragments or poor correlations with external data, see 281 Table S1 . BBOA cannot be clearly identified during summer i.e. in this season agricultural waste burning 282 contributions are estimated to be minor (maximum 3-4% of OA, Sect. S2). Note that COA could not be 283 evidenced, likely due to the type of site studied (regional background) and the lower sensitivity, time-and 284 mass-to-charge-resolution of the ACSM compared to classical AMS instruments (further discussed in Sect. 285 S2; see also Dall'Osto et al., 2015 on this subject). Uncertainties associated with factor contributions are 286 estimated by performing sensitivity tests on a-values, which are regarded as the most subjective input 287 parameters. Five scenarios putting very low to very high constraints on the reference factor profiles have 288 been defined (see Table S2 ). Comparable solutions in terms of relative contributions ( Figure S5 ) and 289 agreement with independent measurements (Table S2) cycles are comparable for all seasons with a bimodal pattern characterized by a small peak during night-331 time and a prominent peak during daytime. The latter peak suggests that a fraction of (LV-) OOA could be 332 locally rather than regionally produced on the time scale of few hours only, likely due to enhanced 333 photochemical activities during daytime. The former peak could be due to i) the condensation of highly 334 oxygenated semi-volatile material favoured by night-time thermodynamic conditions or ii) a contribution 335 of SV-OOA in our OOA factor, which is generally dominated by LV-OOA. The absence of an f44 night-time 336 peak (Sect. 4.2) suggests that the second assumption is more probable implying that both SV-OOA and 337 LV-OOA influence our OOA factor. 338 339
Time series comparisons 340
Comparisons between our OA factors, m/z tracer and independent species time series are shown 341 in Table 2 . OOA time series show very good agreement with Org_43 (organic signal at m/z 43) and Org_44 342 (r 2 >0.8 and 0.9, respectively) and relatively good agreement with secondary inorganic species (e.g. r 2 ≥0.5 343 for ammonium), indicating that this factor can be regarded as a surrogate for secondary organic aerosols. 344
Comparisons with sulfate (a low-volatility species) and nitrate (a semi-volatile species) confirm that our 345 OOA factor might be a mix of SV-and LV-OOA, since better agreement is found with one or the other 346 compound depending on the season studied. BBOA exhibits very good coefficients of determination when 347 compared with its presumable fragment tracers Org_60 and Org_73 (r effective PM abatement strategies in this region. On average, the chemical composition of non-refractory 567 submicron aerosol is dominated by organic aerosol (58% of NR-PM1), which is composed of HOA (11% of 568 OA), BBOA (23%) and OOA (66%). Fossil fuel combustion is thus not a major source of primary OA in this 569 area of the Po Valley. Primary BBOA significantly contributes to OA on the annual average and especially 570 during winter (36%). Our OOA component is highly oxidised and aged with an LV-OOA spectral signature, 571 a large proportion of acid-related species and high OM/OC ratios. Highly oxidised OA properties are 572 observed during all seasons, surprisingly including winter, which could reflect secondary BBOA influence 573
and OOA aqueous-phase formation processes during cold seasons. Further research aiming at identifying 574 the sources of OOA -including secondary BBOA using e.g. high resolution mass spectrometric techniques 575 Crippa (EC-JRC) is acknowledged for her valuable advices. 594 Lanz, V. A., Alfarra, M. R., Baltensperger, U., Buchmann, B., Hueglin, C., and Prévôt, A. S. 
